In this study, we extended the conventional admittance control and developed a new power augmentation technology that supports the upper extremity movements of humans using only the electromyography (EMG) signals of agonists. First, we selected the EMG signals of two agonists, the biceps brachii and clavicular part of the deltoid, to control the elbow and shoulder joints, respectively. We then developed an extended admittance control to augment the subject's strength and support the movements of the subject's upper extremity in flexion, keeping still, and extension while holding a heavy load. The experimental results showed that the performance of the proposed extended admittance control can be arbitrarily adjusted by control parameters to reduce the load "felt" by the user.
Introduction
In developed countries especially in Japan, the acceleration of demographic aging is very rapid. The development of robotic systems to reduce the burden of caregivers has been an urgent task. So far, many wearable powered exoskeletons have been developed for various purposes such as motion support, power augmentation, and rehabilitation (1) (2) . There are three requirements for such exoskeletal systems. The first is, it should completely obey the wearer's intention and not hinder the wearer's motion. In other words, the motion of the exoskeleton should be intuitive and natural as the wearer's motion. The second is easy to don and doff. Nursing homes are usually understaffed, and a caregiver has to take care of several or even many care-receivers. When a caregiver tries to transfer a bed-ridden patient from a bed to a wheelchair with a wearable augmentation exoskeleton, what the caregiver prefers is to be able to easily and quickly put on and take off the exoskeleton by himself. The third is light and compact. A light and compact device will bring a lot of benefits such as energy saving, less storage space, portability, and so on.
To satisfy the above first requirement, many exoskeletons have been developed that use human's surface electromyogram (sEMG) signals as control signals (3) - (12) . EMG is electrical potential generated from motor nerves to contract muscle. It is percutaneously detectable and measured by the electrodes on the skin surface. Since it occurs about 100 ms earlier than actual movement, the systems controlled with EMG signals have low latency response. Meanwhile, human joint movements are commonly assumed to be coactivated by agonist and antagonist muscles (13) - (17) . Therefore, most researchers have used two sEMG sensors to detect one joint's movement, one for agonist muscle and the other for antagonist muscle. Using more EMG sensors indeed helps realize more agile and complicated movement. However, doing so not only makes the system complex and expensive, but also difficult to don and doff. This makes caregivers will reluctant to use such devices.
On the other hand, it has been reported that the size of the antagonist EMG burst was determined by both velocity and magnitude of movement (13) . A great antagonist activity was seen for small movements at high speeds and a small antagonist activity was for large movement at slow speeds. If the movement is below a certain speed (a threshold), the viscoelastic property of the joint alone is sufficient to halt the movement (14) and antagonist activity does not occur at all when unneeded. This inspires us to consider whether power assist using one sEMG sensor for one joint can be realized.
In this study, we try to develop a novel power augmentation technology to support human's motion using one sEMG sensor for one joint to augment the user (subject or operator)'s strength to help him/her to hold up/down a heavy load. As shown in Fig. 1 , a caregiver is holding up a bedridden patient. Fig. 1 . A caregiver is holding up a bedridden patient from a bed to transfer him to a wheelchair Our power assist system is to reduce the caregiver's burden when he/she is taking care of an elderly or a disabled person. In such situation, the movement ranges of the elbow and shoulder joints are large (from 0
• to about 90
• or more), while the movement of the caregiver is slow. Therefore, we can postulate that in the motion of holding up a heavy load, the agonist muscle (usually flexor for upper extremity such as biceps brachii) is dominant and the function of the antagonist activity is provided by the viscous property of the mechanical robot joint and the viscoelastic property of the human joint. Moreover, note that in the task of holding up a bedridden patient as shown in Fig. 1 , the movement of the upper limbs of the caregiver is confined to be only flexion and extension. This brings us a great convenience to develop the technology and device to perform the power assist for elbow and shoulder joints.
In this paper, in order to support the upper extremity movement of a human when operating a heavy load while reducing cost and making donning/doffing easier, we try to develop an extended admittance control with one-joint one-sensor power augmentation technology that uses the agonist's EMG signals alone. We first develop a two joint robotic arm as an experimental platform to verify our proposed power assist approach. Then we introduce admittance interaction control with one sEMG sensor for one joint based on our previous research (18) , and we point out that the proposed admittance control cannot perform extension motion although it can realize flexion and keeping still. Consequently, we extend the proposed admittance control to support the motion of a human's elbow and shoulder joints when holding up, keeping, and putting down a heavy load.
Power Augmentation System
To achieve our power assist purpose, we developed a 2 DOF robotic arm shown in Fig. 2 as an experimental platform for verifying our power assist technology. Two identical robotic arms are assumed to be respectively worn on the caregiver's two arms to support his upper limb motion. Each device is supposed to give the caregiver 80% power assist. The weight of the patient is assumed to be 75 kg. Therefore, the caregiver will actually withstand (100 − 80)% = 20% of the actual load. In other words, the burden that each robotic To bear such a big burden and hold up and put down the patient, two Maxon 150 W DC motors are used in the arm, and two harmonic drive gears are embedded in each joint, respectively. Each motor is installed near the joint, and its power is transmitted to the joint via a timing belt. Consequently, the torques of the elbow and shoulder joints are about 100 Nm and 200 Nm, respectively. To stand such big torques, the two harmonic drive gears are big. Moreover, since the torques of two joints are different, their gear ratios are different too with different pulleys and different harmonic gears. Concretely, the gear ratio of elbow joint is 3 (pulley)× 160 (harmonic grar)=480, while the gear ratio of shoulder joint is 5 (pulley)× 160 (harmonic grar)=800. That is why the robotic arm looks big.
Meanwhile, to guarantee the safety of the operator, soft limiter and mechanical stopper for each joint are respectively set in control program and in actual arm link. The soft limiter has two functions. One is to immediately stop the system once it detects abnormally high voltage signal from EMG electrode when EMG electrode drops off from the muscle skin or other EMG electrode failures occur. The other is to limit the joint range. For elbow joint, the soft limiter is set from 0
• (in the most extension state) to 130
• (in the most flexion state). For shoulder joint, it is set from −25
• to 130
• (in the most flexion state). To further guarantee the safety when the system is out of control, two mechanical stoppers are respectively designed from 0 • to 135
• for elbow joint and from −30
• to 135
• for shoulder joint. Our future system will be lighter and more compact than this system so that it will be actually able to be worn by the caregiver to support his/her upper extremity motion for his caregiving.
3. EMG Signal, its Acquisition, Processing, and Joint Torque Estimation
EMG Signal and its Acquisition
Myoelectric signal (EMG) is action potential generated in a muscle as the command signal from human's motion control system is transmitted to the muscle through the motor nerves. The muscle contracts after myoelectric signal is generated. This Fig. 3 . Structure of the power assist system means that muscles take some time to generate motion (produce force/torque) after having received the activation signal. Therefore, EMG signals are detectable slightly before the actual movement is performed. In other words, with EMG signals it is possible to predict the beginning of generation of the muscle strength and track the intended movement. Meanwhile, EMG signals imply muscle activity, and it could be used to estimate the joint torques. These properties of EMG signals are be very helpful in developing a real time control system for an exoskeleton or a power augmentation device. Figure 2 shows that two bipolar skin surface electrodes are respectively placed at the operator's biceps brachii and the clavicular part of deltoid to get their EMG signals for estimating his elbow and shoulder joint torques and then performing power assist, while a reference electrode is fixed at his wrist. In our system, EMG signals from muscles are sampled with 1 KHz from differential electrodes (DELSYS Inc., Boston, MA, USA). These EMG electrodes are designed with a builtin gain of 1000 V/V and a built-in filter with a range of 20-450 Hz bandwidth and 12 dB/Oct attenuation. The signals are acquired through 12-bit A/D converters in a multi-functional interface board, and then processed online on a PC running real-time operation system. Two motors are simultaneously driven by a motor driver through 12-bit D/A converters in the interface board. The actual motor currents are monitored via A/D converters. The system structure of the whole power augmentation system is shown in Fig. 3 .
EMG Signal Processing
Although there are many feature extraction methods for EMG signals, here we use the average rectified value (ARV) as its effectiveness for real-time control. The average rectified value (ARV) is in fact the mean absolute value (MAV). It represents the area under the EMG signal once it has been rectified, meaning that all of the negative voltage values have been made positive. As pointed in Ref. (16), ARV (or saying, MAV) is superior to RMS (root mean square) for amplitude estimation. The expression of ARV is
where, E i (t) is the EMG voltage value at i th sampling, and N is the number of sample in a segment. N is set to be 50 in this study. To further smooth the amplitude waveform of EMG signals, with the compromise to get the rapid waveform change, the ARV processed signals are filtered again in digital low pass filter at 0.5 Hz. Figures 4, 5, and 6 respectively show the raw EMG signal, the rectified signal, and ARV processed signal. With the ARV processed signals, the joint torque is estimated. 
Joint Torque Estimation
It is well known that joint torque is generated by the flexor and extensor respectively. Sankai et al linearly estimated joint toques for knee and hip joints with the differences between the flexor and extensor muscles (3) (4) . On the other hand, the relationship between the joint torque about the elbow and the surface EMG signals from flexor and extensor muscles is expressed as two polynomials (15) , but it is almost linear (5) (15) . In this study, we also adopt the approximate linearity between the joint torque and the difference between the EMGs from flexor and extensor muscles. The relationship is expressed as:
where, τ(t) is the estimated torque, E 1 (t) and E 2 (t) are respectively the EMG signal measured from flexor and extensor muscles, and a 1 and a 2 are respectively the parameters relating EMG signal to the joint torque.
In this study, the task of power assist to a caregiver is helping him to hold up a patient (load). Therefore, the movement range is big (the joint angle range is about or even bigger than 90
• ) at low speed. As aforementioned, the actuation of the antagonistic muscle (for example, triceps brachii for elbow joint and scapular spine of deltoid for shoulder joint) would Fig. 7 . EMG signals of the biceps brachii and the triceps brachii during keeping still and extension. The triceps brachii is almost un-activated during the motion Fig. 8 . EMG signals of the clavicular part of deltoid and the scapular spine of deltoid during flexion, keeping still and extension. The scapular spine of deltoid is almost un-activated during the motion be so low that could be neglectable. Our experiment results show that the triceps brachii and the scapular spine of deltoid of human are almost un-activated during the motion as shown in Figs. 7 and 8. Hence, the Eq. (2) can be further considered that the joint torque is mainly generated by agonist muscle. Consequently, the Eq. (2) can be approximately expressed as
where, τ(t) is the estimated joint torque; E 1 (t) is the EMG signal measured from agonist; V ARV (t) is ARV processed EMG signal voltage; a is the proportional coefficient relating EMG signal to the joint torque, and it is simply adjusted for different kinds of users, such as thin person or fat person. According to our experience, a small a for thin persons since their EMGs are strong and easily measured, while a comparatively big a for fat persons as their EMG are comparatively weak and not easy to be measured.
Muscle Selection for Power Augmentation
Based on the above discussion, in this study we use agonist muscle (flexor) alone to perform power augmentation for elbow and shoulder joints. Therefore, the consequent problem is which muscles should be selected to get their EMG signals representing the corresponding torques of elbow and shoulder joints.
Muscle and its EMG for Elbow Joint
In our previous research (18) , the motion support of elbow joint was realized by the EMG of biceps brachii. Here we still adopt the EMG of biceps brachii again as the control signal for elbow motion support. The EMG is measured in the position as shown in Fig. 9 .A and the load are respectively 1 to 6 kg. Figure 10 shows the relationship between the measured EMG of biceps and the load, where the EMG value is the average of the EMGs of 5 different subjects. Obviously, the result demonstrates the linear relationship between EMG and loads.
Muscle and its EMG for Shoulder Joint
The shoulder joint is much more complex than the elbow since the shoulder joint has 3 DOF and its movement is related to many muscles. Since the movement of the caregiver's upper extremity is limited to the flexion and extension for our task of power assist, such movement of the shoulder joint is related to four muscles, biceps brachii, coracobrachialis muscle, clavicular part pectoralis major muscle, and clavicular part of deltoid.
The EMGs of these four muscles are respectively measured as shown in Fig. 9 .B, and the load is 1 to 6 kg. We found the following facts. The EMG of the biceps brachii has the best linearity with the load. However, since the biceps brachii has already been used for elbow joint, it is impossible to use it again for shoulder. On the other hand, the EMG of the coracobrachialis muscle is too weak to be easily measured. Meanwhile, since the clavicular part pectoralis major muscle is usually covered by clothes, it is inconvenient to don and doff the EMG electrodes. Consequently, the clavicular part of deltoid is the most suitable muscle to be used to detect and estimate the torque of the shoulder joint by its EMG for power assist. Figure 11 shows the approximately linearity of the EMG of the clavicular part of deltoid with the load (1-6 kg). Same as the above, the EMG value is the average of the EMGs of 5 different subjects, too. Note that its gradient is about half of the line shown in Fig. 10 .
As the above results, in this study we take the AMV processed EMG value as the joint torques and use EMGs of the biceps brachii and the clavicular part of deltoid as the control signals of power augmentation respectively for the elbow and the shoulder joints.
Principle of Power Assist with EMG
In this study, we adopt the concept of admittance control, which is a kind of force control, to realize power augmentation for holding up (flexing), keeping still, and putting down (extending) tasks.
Admittance Control
Admittance control specified by an admittance model emulates a dynamic system and gives the user a "feeling" as if he/she is interacting with system defined by the model. The system is defined as a transfer function G(s) with the user's forces and torques, F(s), as the input and the desired velocity of the robot, V(s), as the output. It is expressed as
where, M is virtual mass or virtual moment of inertia and D is virtual coefficient of damping of the whole human-machine system. Its physical model is shown in Fig. 12 and its motion equations is f = M ·v + D · v. For our rotational case, it is rewritten as
where, τ h is the input exerted torque (i.e., human's joint torque) obtained from the EMG of the biceps brachii for elbow joint or the clavicular part of deltoid for shoulder joint; the output target ω d is the angular velocity of moving joint; I and D are the virtual moment of inertia and the virtual coefficient of damping of the joint, respectively. Since the input exerted torque τ h is not a constant and it changes with the joint angle, Eq. (5) has no analytical solution. The output ω d is obtained by numerical calculation of Runge-Kutta method.
The block diagram of the control is shown in Fig. 13 . The role of the admittance model is to output a target angular velocity ω d , and the robot arm is controlled by a PI speed controller. 
Extended Admittance Control
With the above admittance control as shown in Eq. (5) and Fig. 12 , the robot arm is driven at the speed ω d . Since the input torque τ h is from the EMG of agonist muscle (biceps brachii or clavicular part of deltoid), it is always positive. Meanwhile, according to the physical meanings of two parameters, I, virtual moment of initial, and D, virtual coefficient of damping, both are positive too. As a result the output ω d is always positive. This means only unidirectional movement is realized. In our previous research (18) , the positive direction is set to be flexion. Therefore, only the holding up (flexion) movement can be achieved. In other words, the putting down (extension) movement cannot be realized by the conventional admittance control.
In order to generate bidirectional movement (positive ω d for flexion and negative ω d for extension) by a single EMG signal from agonist muscle, as an extension of the conventional admittance model, Eq. (5) is modified as:
where, same as in Eq. (5), τ h is the input exerted torque; I and D are the virtual moment of inertia and the virtual coefficient of damping, respectively. Note that τ 0 in Eq. (6) represents the human's joint torque in rest (keeping still) state at ω d = 0. Its meaning and determination will be discussed in next subsection. We call the admittance control model expressed by Eq. (6) as extended admittance control.
With the proposed extended admittance control, a seamless switching among three different modes of holding up, keeping still, and putting down becomes possible. It only depends on the difference value (τ h − τ 0 ) in Eq. (6) .
The three motion modes and their corresponding conditions are as follows:
• When an operator tries to hold up (flex) a load, he/she usually exerts a big torque. This implies τ h > τ 0 . The larger the τ h is, the faster the joint flexes. This is holding up mode. When the operator holds up the load to a certain angle, if the operator wants to have a short rest, then operator user will decrease his/her flexing torque to τ h = τ 0 . At this instant of time, the movement will stop. This is keeping still mode. If the operator wants to put down the load, the operator will relax his/her tension and further reduce his/her torque. This leads to τ h < τ 0 . Thus, both the operator and the robot will extend their joints. Moreover, the less the τ h is, the faster the joint extends. This is putting down mode. In the next section, the experiments will confirm these.
Keeping Torque τ 0 and Its Determination
As discussed above, the parameter τ 0 , the operator's joint torque in keeping still mode, is a very important factor of determining the performance of power assist.
If the keeping torque τ 0 in extended admittance model (6) is 0, then this extended model will be regressed to the conventional admittance model (5) . This means that, in keeping still mode (ω d = 0), the operator's joint torque will theoretically be 0 in the conventional admittance control (5) . In other words, in the conventional admittance control, the robot arm will have to withstand the entire load in keeping still mode while the operator's joint torque will be 0. This implies the operator will be 100% power assisted. This not only makes the robot arm big and heavy, but also it leads the operator feels something wrong because of too light burden feeling.
On the other hand, if the keeping torque τ 0 in extended admittance model (6) is set in a proper way, then not only the operator's burden feeling does not increase so much in flexion mode, but also the burden feeling will be more natural throughout the whole motion process from flexion, keeping still, and extension.
In this study, τ 0 is empirically determined. We measure the EMGs of the biceps brachii and the clavicular part of deltoid during the movement of holding up a load as shown in Fig. 9 . The operator (here, the operator is a 20's young male) flexes his elbow or shoulder joint from 0
• (vertically downward position) to 90
• (horizontal position), then keeps it still for a while. The results are shown in Figs. 15 and 16 , respectively. These results show that the ratio of the max.EMG to the average EMG in keeping still is approximately 0.9. Thus τ 0 in Eq. (6) is selected to be τ 0 = 0.9 · τ max · sin θ (θ is joint angle). Note that here τ max is not the actual peak values in Fig. 15 or Fig. 16 , but the maximum value of EMG up to the moment in time in flexion. Therefore, it is continuously updated in real time and no requirement for calibration beforehand.
Experimental Verification
In order to verify the effectiveness of our proposed extended admittance control with the developed prototype 2 joint robot arm, first, before the experiments, based on the ethic rules determined by the Ethics Committee of our university, we explain the power assist system, the detail of the experiment contents, and the experiment procedures to the operator (subject) verbally and in writing. Meanwhile, the experiment risk is fully assessed and the necessary risk reduction measures such as setting up the mechanical stoppers between the actual arm joints and the angle limiters in control software as described in Sect. 2, and the emergent stop switch of the system controlled by one person other than the operator, and etc. Moreover, the evaluation experiments are implemented only after the operator signed the written agreement of the experiments.
The experiments are performed by holding up(flexion), keeping still, and putting down (extension). The flexion angle is 90
• as the goal of the movement as shown in Fig. 9 . Here, each operation is performed by only one single joint, elbow or shoulder. The used load is 20 kg dumbbell. Figure 17 shows the result of power assist by extended admittance control for elbow joint with D=5.0 Nm·s and I=0.01 kg·m 2 . When the operator starts to exert a torque, the robot arm flexes. This is flexion mode. After the operator flexed about 90
Experimental Results of Elbow Assistance
• , the operator slightly decreases his torque, i.e, let τ h = τ 0 . Then the movement will be stopped and enter keeping still mode. When the operator further reduces his exerted torque (or saying, relaxes his/her tension), the robot arm extends its joint and the extension task is easily realized. In such experiments, the load "felt" by the operator is very natural, and the movements between the robot arm and the operator have a very good coincidence. This confirms the performance of the smooth and seamless movement transitions among flexion, keeping still, and extension by our proposed extended admittance control.
Moreover, Fig. 17 shows that the peak of EMG is 1.2 V in flexion and the EMG in keeping still mode is 1.0 V by the extended admittance control. Comparing with the EMG without power assist shown in Fig. 15 , we can find that the load "felt" by the user when holding up and keeping still a 20 kg load under the extended admittance control is equivalent to his feeling when operating a 1 kg load without power assist. For a not well trained person, it is very hard to hold up a 20 kg load. But with the help of the robot arm under the extended admittance control, he will be very easy to do it as he is holding up a 1 kg load. Figure 18 shows the result of another experiment, which is almost same as the experiment shown in Fig. 17 except with a different virtual coefficient of damping, D = 10 Nm·s. The task of flexion, keeping still, and extension are smoothly realized and the validity of the extended admittance control is also verified. We can also find that the peak of EMG in flexion and the EMG in keeping still are almost double of the ones in Fig. 17 . This is explained as follows. When operating a heavy load, the movement is usually slow. Therefore, in general speaking, the angular accelerationω d in Eq. (6) will be small. Consequently, the first item, the dynamic item, in right side of Eq. (6) will be small and it could be neglected. In other words, the torque of the user is dominated by the second item, the kinematic item, in right side of Eq. (6) . This means, the load "felt" by the user is mainly determined by D, the virtual coefficient of damping. Because the virtual coefficient of damping, D = 10Nm·s used in this experiment is double of the D = 5Nm·s used in Fig. 17 , therefore, the load "felt" by the user is double of the load in Fig. 17 . In this case, referred to Fig. 15 again, it is obvious that the load "felt" by the user is equivalent to his load when operating a 3 kg load without power assist. Thus, changing the coefficient of virtual damping can change the load "felt" by the user. In addition, Figs. 17 and 18 show that the actual flexed angles of the robot arm (and the operator's elbow joint) are about 80
• , not the goal angle 90
• . This is because in the experiments, no external angle sensor or device indicates the operator what angle has been reached and the operator does not know the precise flexed angle in the movement.
Experimental Results of Shoulder Assistance
The experiments of power assist for shoulder joint has a little bit of differences from the experiments for elbow joint. In these experiments, the elbow joint of the robot arm is fixed in extension state by position control (therefore, the user's arm is also extended). Meanwhile, when the shoulder joint flexes, the driving muscles of the shoulder joint, including the clavicular part of deltoid, are also activated to drive both the forearm and upper arm. Therefore, even no load in operator's hand, the EMG of the muscles can also be generated and consequently measured. When the shoulder joint is 90
• , the measured EMG of the clavicular part of deltoid is about 1.0 V. We call this EMG as residual clavicular EMG. Figure 19 shows the result of power assist for shoulder joint by our extended admittance control with D = 5.0 Nm·s and I = 0.01 kg·m 2 during holding up, keeping still, and putting down a 20 kg load. We find that the peak of EMG is 1.8 V in holding up and the EMG in keeping still is about 1.6 V. By comparing with the results in Fig. 16 , we find that the load "felt" by the operator of his shoulder joint during holding up, keeping still, and putting down a 20 kg load by the extended admittance control is equivalent to his felt burden when operating a 1.0 Kg load without power assist.
Moreover, Fig. 20 shows the result with a different virtual coefficient of damping D = 10 Nm·s. The result shows that the peak of EMG is about 2.6 V in holding up and the EMG in keeping still is about 2.0 V. Again, by comparing with the result in Fig. 16 , we find that in this case, the load "felt" by the operator is equivalent to his felt load when operating a 2.0-3.0 kg load without power assist.
By the way, if we subtract the residual clavicular EMG, 1.0 V, respectively from the values of EMG in Figs. 19 and 20, we can find the user's "load" in Fig. 20 is approximately 
Experimental Results of Elbow Assist with Different Subjects
Further, in order to verify the generality of the extended admittance control, we also implement experiments of elbow power assist with other 4 different subjects, who are all male in their 20 s. The experimental conditions including the used parameters of virtual coefficient of damping D, virtual moment of inertial I, and the load, are same as the ones in experiment shown in Fig. 17 . The experimental results are illustrated in Fig. 21 . These results indicate that the peaks of EMG are between 1.3-1.6 V in holding up mode, and the EMGs in keeping still mode are about 1.0 V. From these results, we can conclude that the proposed extended admittance control has generality and it can be applied to different subjects, not to a specific subject.
Conclusions
In this paper, in order to support the movement of a human upper extremity to hold up/down a heavy load, an extended admittance control for power assistance is developed by agonist's EMG signals alone. We first develop a two joint robotic arm as an experimental platform to verify our proposed power assist approach. We then introduce EMG signal processing and agonist muscle determination. Based on the result we introduce admittance interaction control by one sEMG sensor one joint, and we point out that the proposed admittance control cannot perform the extension motion although it can realize flexion and keeping motion. Consequently, we extend the proposed admittance control and develop an extended admittance control to support the motion of human's elbow and shoulder joints for holding up, keeping still, and putting down a heavy load. The experiments demonstrate that the movements of holding up, keeping, still and putting down a heavy load is seamlessly and successfully realized. The experimental results also show that the performance of the extended admittance control can be arbitrarily adjusted by control parameters and the load "felt" by the operator can be arbitrarily reduced. With the proposed extended admittance control, we realize power augmentation technology of one-joint one-sensor and successfully decrease the number of EMG sensor. Therefore, not only the cost of the power assist system could be suppressed, but also easy donning and doffing could be realized.
We will further develop the power augmentation technology including to implement the coordinated motion of elbow and shoulder joints. Using this technology, we will develop a compact wearable exoskeletal device to support and augment the movement of human's upper extremity.
